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Abstract Frugivorous birds are important in the
dispersal of many fleshy-fruited plant species, includ-
ing invasive plants. Consequently, we investigated
three native frugivorous avian species’ role in poten-
tial dispersal and germination success of the invasive
American bramble (Rubus cuneifolius) in South
Africa, particularly in terms of amount of fruit
ingested, transit time, and their effects on seed
germination. Three common species of frugivorous
bird species were predicted to positively affect the
spread of invasive R. cuneifolius. The bird species
(speckled mousebirds Colius striatus, red-winged
starlings Onychognathus morio and dark-capped
bulbuls Pycnonotus tricolor) were fed R. cuneifolius
fruit in captivity and amounts ingested were deter-
mined together with transit times. Seeds that were
excreted and/or regurgitated by the three bird species,
manually extracted seeds, and control whole fruit were
then planted and their germination assessed daily.
Although the three bird species varied in the amount of
fruit consumed (* 10–30 g), there was no significant
difference in amount of R. cuneifolius fruit eaten per
gram body mass among the species. Bird-ingested
seeds emerged a mean 21–23 days after planting,
while the seeds from the whole fruit took longer to
emerge (mean 28 days). Germination of seeds
ingested by the respective bird species was signifi-
cantly higher (* 60–75%) than seeds manually
removed from fruits (* 52%) or seeds in whole fruits
(* 7%). This suggests that removal of pulp and seed
coat abrasion by the birds increased germination
success. The three bird species all had R. cuneifolius
seed transit times greater than 20 min, demonstrating
their potential to disperse seeds a distance away from
the parent plant. The results showed that the three bird
species increased the germination success and sug-
gests they are potentially important dispersers of the
invasive R. cuneifolius.
Keywords Frugivores  Seed dispersal  Gut
passage  Seed germination  Invasion biology 
Bramble
K. L. Molefe  M. J. Tedder  V. Thabethe 
C. T. Downs (&)
DST-NRF Centre for Invasion Biology, and Centre for
Functional Biodiversity, School of Life Sciences,
University of KwaZulu-Natal, Pietermaritzburg,
Private Bag X01, Scottsville 3209, South Africa
e-mail: lillianx88@gmail.com
M. J. Tedder
e-mail: tedder@ukzn.ac.za
V. Thabethe
e-mail: thabethevuyisile@yahoo.com
C. T. Downs
e-mail: downs@ukzn.ac.za
I. Rushworth
Ecological Advice Division, Ezemvelo KZN Wildlife,
P.O. Box 13053, Cascades 3202, South Africa
e-mail: Ian.Rushworth@kznwildlife.com
123
Biol Invasions
https://doi.org/10.1007/s10530-019-02164-w(0123456789().,-volV)(0123456789().,-volV)
Introduction
An alien invasive plant is a species that is generally
introduced, intentionally or unintentionally, to areas
outside its native range, lacks natural predators and
pathogens, and becomes a threat to local biodiversity
and economic activity (Richardson et al. 2000;
Ellstrand and Schierenbeck 2000; Richardson and
Van Wilgen 2004; Pyšek and Hulme 2005; Kueffer
et al. 2009). The major problem with invasive plants is
that, with the lack of control mechanisms normally
experienced in their native range, they often out-
compete native plants (Parsons and Cuthbertson
1992). Some of these alien plants become successful
invaders because of their mutualistic relationships
with native frugivores (Richardson et al. 2000),
[especially where native frugivores favour invasive
species over native species and so positively affect the
dispersal of the invasive species (Buckley et al.
2006)], or as a consequence exotic frugivores
(Martin-Albarracin et al. 2018; Thibault et al. 2018).
Plants use a variety of mechanisms to ensure that
seeds are dispersed away from the parent plant and
movement of seeds generally occurs through wind or
animal dispersal which has two forms: endozoochory
and epizoochory (Dovrat et al. 2012; Hui and
Richardson 2017). Endozoochory is achieved through
the development of nutritious fleshy fruits that are
attractive to a range of animals who ingest and then at
a later stage disperse them when they excrete the seeds
(Cypher and Cypher 1999). Frugivorous animals assist
in the establishment of a variety of plant species
through the moving of seeds away from the parent
plant where the likelihood of safe germination and
seedling growth is generally increased (Traveset and
Willson 1997; Renne et al. 2000; D’Avila et al. 2010).
Seed dispersal requires the ingestion of pulp and
excretion of intact seeds (Traveset and Willson 1997;
Renne et al. 2000; D’Avila et al. 2010). Successful
avian seed dispersal is generally carried out by birds
that consume the whole fruit including the seeds
(Herrera 1981). Avian frugivores are capable of long-
distance seed dispersal, which is critical to biodiver-
sity when native species are dispersed (Cain et al.
2000; Pyšek and Hulme 2005). However, this same
dispersal mechanism presents a major threat to
biodiversity when invasive species are dispersed (Cain
et al. 2000).
Generally, frugivorous avian and mammalian
species promote both the successful dispersal and
germination of invasive species (Traveset and Willson
1997; Hui and Richardson 2017). Dispersal is crucial
as it assists seeds to germinate away from the parent
plant where they are subject to less competition,
predation and/or fungal attack (Chimera and Drake
2010; Jordaan et al. 2011a; Hui and Richardson 2017).
Gut passage may enhance germination through ther-
mal, chemical and mechanical removal of the seed
coat (Clergeau 1992). However, when the seed coat is
removed, germination success may be improved, or
germination inhibitors may be activated (Barnea et al.
1991; Witmer and Cheke 1991). Many studies show
that germination success increases after seed gut
passage (Yagihashi et al. 1998; Traveset et al. 2001;
Paulsen and Högstedt 2002; Thabethe et al. 2015);
however, seed gut passage may also have no impact or
even reduce germination success (Murray et al. 1994;
Wilson and Downs 2012; Jordaan and Downs 2012;
Thabethe et al. 2015). The size of the seed generally
determines the effect gut passage has on germination.
Small seeds may remain longer in the digestive tract
and therefore have more chance of abrasion than large
seeds; alternatively, they may be so badly damaged
that they do not germinate (Traveset et al. 2001). Other
factors may also influence gut passage: amount of fruit
eaten, laxative compounds in fruits etc. Regardless,
increased gut transit time generally increases the
probability of increased dispersal distance (Murray
et al. 1994).
South Africa has a high percentage of fleshy-fruited
invasive species (Richardson and van Wilgen 2004).
Studies have shown that native frugivorous avian and
mammalian species are responsible for the dispersal
and increased germination success of some of these
invasive species (Jordaan et al. 2011a, 2012; Thabethe
et al. 2015; Mokotjomela et al. 2015, 2016; Dlamini
et al. 2018). American bramble (Rubus cuneifolius
Pursh) is a fleshy-fruited species, native to North
America but an invasive alien in South Africa, which
is spread by frugivorous avian and mammalian species
(Denny and Goodall 1991). This species has invaded
the eastern portions of South Africa and is a threat to
biodiversity, tourism and livestock production (Eras-
mus 1984;Morris et al. 1999; Ezemvelo KZNWildlife
2016; Invasive Species South Africa 2017). In South
Africa R. cuneifolius is categorised as category 1b
invasive under the National Environmental
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Management: Biodiversity Act 2004 (Henderson
2011; Invasive Species South Africa 2017). The
expanding invasion of R. cuneifolius may be affiliated
to successful fruit set together with the ability of
frugivorous birds to accomplish long-distance seed
dispersal (Olckers 1999; Van Kleunen and Johnson
2007). This species’ characteristics that may promote
whole fruit ingestion and preference by birds include
having aggregate fruit with seeds small enough that it
can be swallowed whole by most native avian
frugivores (Downs 2008; Symes and Downs
2001; Jordaan et al. 2011a, b), and a fruit colour
(purple-black) and nutritional composition that may
further promote ingestion. It appears that birds con-
sume several R. cuneifolius fruit and pass on many
seeds in a single foraging event (Downs pers. obs.).
Furthermore, R. cuneifolius thrives in parts of South
Africa where the climate and landscapes favour its
growth (Erasmus 1984). This species generally expe-
riences little browsing pressure (Erasmus 1984).
Rubus cuneifolius removal and control are difficult
(Erasmus 1984) because of a range of factors includ-
ing its coppicing, its thorny covered canes forming
dense thickets, occurrence in inaccessible areas, no
biological control agent, and cost of removal using
pesticides.
Consequently, we investigated the role of three
locally common, native frugivorous bird species in the
potential dispersal and germination success of R.
cuneifolius in South Africa, particularly in terms of the
amount of fruit ingested, transit time, effects of gut
passage on seed viability and germination, and overall
potential seed dispersal. We hypothesised that the
spread of the invasive R. cuneifolius in South Africa is
facilitated by avian dispersers. We predicted that the
three frugivorous bird species studied positively affect
the potential dispersal of invasive R. cuneifolius,
especially in terms of its potential dispersal and
germination.
Materials and methods
Plant species
The taxonomy of Rubus in South Africa remains
unresolved, complicated by hybridisation between
introduced and indigenous species and unresolved
taxonomy within the native range of introduced
species (Henderson 2011; Sochor 2018). What has
for many years been considered Rubus cuneifolius
Pursh may be more correctly referred to as R.
sect. cuneifoliiL.H. Bailey, however, we have retained
the original taxonomy R. cunifolius Pursh in this study
and confirm that the species referred to and used in this
study is encompassed within what Sochor (2018) has
referred to as R. sect. cuneifolii L.H. Bailey and as R.
cuneifolius (Taxon A) by Henderson (2011).
Rubus cuneifolius is a rambling, spiny shrub from
the Rosaceae family originating from the south-
eastern USA (Morris et al. 1999; Olckers 2004). In
South Africa, it produces white flowers in September
which develop into purple-black, fleshy fruits in
December (Hummer 1996). The plant is perennial
and long-lived, producing fertile stems which endure
for a year and a half (Denny and Goodall 1991;
Hummer 1996). In South Africa R. cuneifolius occurs
in the Limpopo, Mpumalanga, Free State, KwaZulu-
Natal and Eastern Cape Provinces, and is particularly
abundant in the midlands and Drakensberg areas of
KwaZulu-Natal (Morris et al. 1999; Ezemvelo KZN
Wildlife 2016; SAPIA 2016; Invasive Species South
Africa 2017). This species is a severe invasive
problem in cool, moist areas of these provinces where
it infests large areas with dense stands or thickets
(Erasmus 1984). Rubus cuneifolius reproduces sexu-
ally and vegetatively and this efficient reproductive
system further supports its spread (Erasmus 1984).
The flowers give rise to berry-like aggregate fruits
composed of 40–50 tightly packed single-seeded
drupelets (Erasmus 1984). Hereafter these aggregate
drupelets are referred to as fruits. The seeds are * 3
mm long with a hard, resistant seed-coat (Erasmus
1984).
Bird species
We chose three native frugivorous bird species that are
locally common in the area where bramble occurs in
KwaZulu-Natal (SABAP2 2019), and that had previ-
ously been observed feeding on R. cuneifolius in the
wild (pers. obs.). These were red-winged starlings
(Onychognathus morio) (± 130 g), dark-capped bul-
buls (Pycnonotus tricolor) (± 38 g) and speckled
mousebirds (Colius striatus) (± 58 g). Red-winged
starlings belong to the family Sturnidae and are
passerine birds that feed on a variety of seeds, nectar
and berries (Craig 2005; Craig and Feare 2010). They
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have a mean body mass of 130 g (Craig 2005; Jordaan
et al. 2011b). Dark-capped bulbuls are passerine birds
from the family Pycnonotidae (Fishpool and Tobias
2005; Lloyd 2005). Although dark-capped bulbuls
feed on fruit, their diet also includes insects, flower
buds and nectar (Lloyd 2005; Symes et al. 2008).
Dark-capped bulbuls have a mean body mass of 40 g
(Lloyd 2005; Jordaan et al. 2011b). Speckled mouse-
birds are non-passerine birds from the family Coliidae
(Dean 2005). Speckled mousebirds usually feed on
leaves, flowers and fruit and have a mean body mass of
50 g (Downs et al. 2000; Dean 2005; Jordaan et al.
2011b). All three species are generally residents year-
round and only move a few kilometres from their
respective roosting sites to forage (Craig 2005; Dean
2005; Lloyd 2005; Craig and Feare 2010; Downs
unpublished data).
Capture and maintenance of birds
We carried out the study at the Animal House,
University of KwaZulu-Natal (UKZN), Pietermar-
itzburg, South Africa (293703400S, 3024011.900E).
The dark-capped bulbuls (n = 7), and speckled
mousebirds (n = 6) were captured locally during
December 2015 using mist-nets, while the red-winged
starlings (n = 5), originally captured in 2006, were
caught using a padded bird net in the aviaries located
outside the animal house at UKZN. Birds were ringed
and housed in single-species groups in outside aviaries
before being moved to experimental rooms inside the
animal house and caged (42.7 9 43 9 59.3 cm)
individually. The experimental rooms were set to
25 C with 12L:12D. Birds were acclimatised for a
week and fed a daily maintenance diet consisting of
commercial mixed fruit. AviPlus Softbill pellets (Avi-
products, Durban, South Africa) were added to the diet
as a supplement. Water was provided ad libitum.
Rubus cuneifolius fruits were incorporated into the
maintenance diet 24 h before the experiment com-
menced. The evening before the experiment, all food
was removed overnight as the birds only feed
diurnally.
Feeding trials
We weighed each of the birds at 06h00 and 18h00 on
each feeding trial day. Body mass was monitored to
determine if birds gained weight while feeding on R.
cuneifolius fruit and to determine the amount ingested
per day per gram body mass. Rubus cuneifolius fruit
was weighed (* 100 g per bird) before (06h00) each
trial and then the remaining fruit was weighed
afterwards (18h00) so that the difference allowed
determination of the quantity of fruit eaten by each
bird. To correct for the moisture lost from uneaten
fruit, a control of weighed R. cuneifolius fruit was
placed in the experimental room and reweighed at
06h00 and 18h00. Seed transit time was observed at
the beginning of the feeding trial by recording the time
the first American bramble fruit was ingested by each
bird and recording the time when the seeds were then
first visible in the excreta of each individual. After
transit times had been obtained for all individuals,
birds were only monitored hourly until 18h00. Birds
were monitored hourly to assess that they were feeding
and that there was sufficient fruit available. Regurgi-
tated seeds and seeds in excreta from each bird were
collected in the evening (18h00).
Germination trials
As the regurgitated or ingested R. cuneifolius seeds
from each bird’s excreta were difficult to separate, we
removed all and planted a total of 160 seeds (* 80
seeds per tray) in two separate trays
(265 9 180 9 75 mm) for each bird. Manually
removed seeds (n = 160 seeds planted in two separate
trays), and whole fruit controls (n = 40, 20 per tray)
were planted concurrently in separate trays. For the
whole fruit germination trial, seeds from 10 whole
fruits were counted and their average was used to
determine germination percentage. Seeds and whole
fruit were buried * 0.7 cm deep in standard potting
soil and trays placed in a greenhouse at UKZN and
watered daily. Plant germination was recorded daily
(where germination was defined as evidence of stem
emergence and development of the first true leaves)
and R. cuneifolius seedlings were removed after
counting. We observed the trays until there was no
further germination at * 120 days after planting.
Data analyses
We calculated cumulative germination percentage for
whole fruit, manually removed seeds and ingested
seeds of R. cuneifolius. Non-parametric analysis, a
Kruskal–Wallis ANOVA, was used for comparison of
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mean time to first germination among whole, manually
removed and ingested R. cuneifolius seeds because the
data were not normally distributed. One-way ANOVA
was used for comparing the following datasets: seed
transit time among bird species, the amount of fruit
consumed by different bird species, germination
percentages amongst whole fruit, manually removed
and ingested seeds, and seedling emergence amongst
whole fruit, manually removed seeds and ingested
seeds. Where significant differences were observed,
data were subsequently analysed using a Bonferroni
post hoc test. A two-tailed t test was used to compare
the initial and final mass of each bird species. All
statistics were conducted using Statistica (Statsoft,
Tulsa, OK).
Results
Bird body mass
The three bird species body mass (g) was significantly
different before feedingonR. cuneifolius fruit (Kruskal–
Wallis ANOVAH = 15.21, n = 18, p\ 0.005, Fig. 1).
Red-winged starling initial body mass was significantly
higher than both dark-capped bulbuls (post hoc Bon-
ferroni, p\ 0.05) and speckled mousebirds (post hoc
Bonferroni, p\ 0.05). In addition, the various bird
species body mass after feeding on R. cuneifolius fruit
was significantly different (Kruskal–Wallis ANOVA,
H = 15.20, n = 18, p\ 0.005). Red-winged starlings
had a greater final body mass than the other two species
(Fig. 1). The initial and final bodymasses of red-winged
starlings (t-test t = - 24.59, df = 4,p\ 0.0001, Fig. 1)
and speckled mousebirds (t-test t = - 4.38, df = 5,
p\ 0.05, Fig. 1) were significantly different, with their
final body mass increased after feeding on R. cuneifo-
lius. However, there was no significant difference in
dark-capped bulbul body mass before and after feeding
on R. cuneifolius fruit (t-test t = 0.54, df = 5, p = 0.61,
Fig. 1).
Rubus cuneifolius fruit ingestion
All three bird species ingested R. cuneifolius fruit.
There was a significant difference in the mass of the
fruit (g) of R. cuneifolius eaten among bird species
(One-way ANOVA F2,14 = 16.83, p\ 0.0001). The
dark-capped bulbuls ate the least per day
(10 g; * 3–4 fruits) while red-winged starlings ate
Dark-capped bulbul Red-winged starling Speckled mousebird
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Fig. 1 Initial and final mean (± SE) bodymass of three native frugivorous birds feeding on Rubus cuneifolius in captivity. [Treatments
with letters in common were not significantly different (p\ 0.05)]
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the most per day (40 g; * 13–14 fruits; Fig. 2).
However, the amount of R. cuneifolius fruit consumed
by red-winged starlings and speckled mousebirds was
not significantly different (Bonferronni, p = 0.2,
Fig. 2a). When the amount of fruit eaten per gram
body mass was considered, there was no significant
difference in this (per g BM) among the three bird
species (One-way ANOVA F2,14 = 3.50, df = 2,
p = 0.059, Fig. 2b). The mean transit times showed
no significant differences among species (One-way
ANOVA F2,15 = 1.493, p = 0.26, Fig. 3) as there was
individual variation with dark-capped bul-
buls * 22 min red-winged starlings * 34 min and
speckled mousebirds * 43 min
Germination of Rubus cuneifolius
Overall mean time for first seedling emergence of R.
cuneifolius seeds regurgitated or ingested by the three
avian frugivore species and the whole fruit were not
significantly different (One-way ANOVA
F2,15 = 0.31, df = 2, p = 0.644, Fig. 4). The first
seedling emergence of ingested R. cuneifolius seeds
of all bird species was from the 7th day but the mean
first seedling emergence for all bird species were
between 21 and 23 days, while for whole fruit the
mean first seedling emergence was 28 days. Most
manually removed seeds emerged 14 days after
planting (Fig. 5). Rubus cuneifolius seeds ingested
by dark-capped bulbuls, speckled mousebirds and red-
winged starling started to emerge at a similar time and
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Fig. 2 a The absolute mass
(mean ± SE) and b the
mass per gram of body mass
(mean ± SE) of Rubus
cuneifolius fruit eaten by
three native frugivorous bird
species. [Treatments with
letters in common were not
significantly different
(p\ 0.05)]
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Dark-capped bulbul Red-winged starling Speckled mousebird
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Fig. 3 Mean (± SE) seed transit time (min) of three frugivorous bird species when feeding on Rubus cuneifolius fruit in captivity.
[Treatments with letters in common were not significantly different (p\ 0.05)]
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Fig. 4 Mean (± SE) time to first seedling emergence of Rubus cuneifolius seeds ingested by three avian frugivore species and whole
fruit. [Treatments with letters in common were not significantly different (p\ 0.05)]
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continued to emerge for several weeks (Fig. 5). Whole
R. cuneifolius fruit took relatively longer for initial
germination (Fig. 5).
Germination percentages for ingested R. cuneifo-
lius seeds across all frugivores were similar and
relatively high (average across all three species
* 69%) but there was no significant difference
between species in terms of their effect on R.
cuneifolius seed germination percentage (Fig. 6).
Germination percentage of ingested seeds was signif-
icantly greater than the germination percentage for
manually removed seeds (* 52%) and whole fruit
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Fig. 5 Mean cumulative
germination of Rubus
cuneifolius fruit seeds
ingested by three
frugivorous bird species
(dark-capped bulbul, red-
winged starling, and
speckled mousebird) as well
as manually removed seeds
and whole fruit
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Fig. 6 Mean (± SE)
germination percentage for
Rubus cuneifolius fruit seeds
ingested by three
frugivorous bird species
(dark-capped bulbuls, red-
winged starlings, and
speckled mousebirds),
manually removed seeds
and whole fruit. [Treatments
with letters in common were
not significantly different
(p\ 0.05)]
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(* 7%) (Fig. 6). Seeds ingested by frugivores were
significantly more likely to germinate compared with
both manually removed seeds (Bonferroni post hoc,
p\ 0.05) and whole R. cuneifolius fruit (Bonferroni
post hoc, p\ 0.05). Manually removed seeds had a
significantly greater germination success than whole
R. cuneifolius fruit (Bonferroni post hoc, p = 0.01).
Discussion
Although all three bird species ingested R. cuneifolius
fruit, the amounts varied with dark-capped bulbuls
eating the least per day (10 g; * 3–4 fruits) while
red-winged starlings ate the most per day
(40 g; * 13–14 fruits). Germination success of R.
cuneifolius was positively influenced by passage
through the digestive tract of the three native frugiv-
orous birds used in this study and all these species
were shown to be the admissible seed dispersal agents
of R. cuneifolius. The three bird species are generally
resident but may show short-distance migration in
response to food availability (Craig 2005; Dean 2005;
Lloyd 2005; Craig and Feare 2010). All three bird
species generally roost at different locations to where
they forage, especially when feeding on R. cuneifolius
fruit (pers. obs.), and in so doing may disperse the seed
they ingest, including R. cuneifolius.
Our study showed that R. cuneifolius seeds do not
necessarily have to pass through the digestive tract in
order to germinate but that seed germination is
significantly enhanced by gut passage. Consistent
with studies on fruit of invasive plant species ingested
by bird species (Panetta 2001; Day et al. 2003), gut
transit passage and pulp removal increased the success
of germination of R. cuneifolius with significantly
more of the seeds germinating following bird inges-
tion. The effect gut passage has on germination
success has frequently been affiliated with the inten-
sity of seed coat abrasion, which is linked with
morphological characteristics of the bird species’
digestive tracts (Barnea et al. 1991; Traveset and
Willson 1997; Yagihashi et al. 1999). The removal of
pulp by frugivores generally enhances germination
because the pericarp may contain inhibitory sub-
stances (Witmer and Cheke 1991; Moore 2001;
Panetta 2001). Moreover, certain seed predators utilise
the pulp to determine the presence of seeds (Moles and
Drake 1999), and the removal of pulp may minimise
the probability of seed predation (Fricke et al. 2013).
Seed ingestion is especially important for seeds that
cannot grow and develop prior to the decomposition of
the pulp (Panetta and McKee 1997; Yagihashi et al.
1998). One challenge is that certain seeds only
germinate after the pulp has decomposed (Yagihashi
et al. 1998, 1999). In this study, manually removed R.
cuneifolius seeds germinated better than whole fruit
and this may be an indication that effective outcomes
of seed ingestion are made possible through the
removal of the pulp. It also indicated that the
frugivorous birds used in this study do not only
enhance potential dispersal of seeds (mean gut transit
times of 22–43 min depending on species) but germi-
nation success as well, as found in other studies of
frugivory and seed dispersal (Jordano 1983; Char-
alambidou et al. 2003; Chimera and Drake 2010;
Jordaan and Downs 2012).
With regard to seed germination, there are conflict-
ing results explaining the impact of long and short seed
transit times. Some studies have shown a higher rate of
seed germination when the seed has been retained
longer (Barnea et al. 1991), while in other studies there
is evidence of a decreased rate (Murray et al. 1994;
Charalambidou et al. 2003), or no impact (Barnea et al.
1990, 1991). Regardless of their effect on seed
germination, overall the main function of bird fru-
givory is to disperse seeds away from the parent plant.
The three frugivorous bird species used in this study
had R. cuneifolius mean seed transit times[* 20
min showing that transit times were long enough to
allow seed dispersal away from the parent plant, and
that bird species have potential to disperse R.
cuneifolius. Furthermore, germination percentages
for ingested R. cuneifolius seeds in all frugivores were
similar and high (* 75%). In particular, these were
higher than R. cuneifolius whole fruit germination
percentages (* 10%) highlighting that bird ingestion
was beneficial for germination and potentially impor-
tant in this invasive weed’s success. Therefore, native
avian frugivores have a role in both the potential
dispersal and germination of R. cuneifolius. The data
obtained on digestive tract passage rates and germi-
nation success in this study can be used, in conjunction
with information on bird foraging behaviour, to model
the spread of R. cuneifolius and design control
strategies for this invasive species. However, it would
be important to collect similar data on digestive tract
passage time and germination success for other
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potential dispersers, especially mammalian species
such as Chacma baboons (Papio ursinus) and vervet
monkeys (Chlorocebus pygerythrus), that also con-
sume R. cuneifolius fruits (pers. obs.).
In summary, our results suggest that dark-capped
bulbuls, red-winged starlings and speckled mouse-
birds enhance the germination success and potentially
facilitate the dispersal of seeds (sufficient retention
time to allow dispersal away from the parent) so as to
increase the establishment and spread of invasive R.
cuneifolius, and potentially other fleshy-fruited alien
species. Preliminary studies have shown that fire could
be used to change the number of R. cuneifolius fruit
produced per plant or per area (Pollard 2013).
Consequently, effective and viable management
strategies for R. cuneifolius should aim to control
plants prior to fruiting or, where this is not possible, to
reduce the number and/or availability of fruits to avian
frugivores.
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